Background-No specific data are available on characteristics and outcome of sudden cardiac death (SCD) during sport activities among women in the general population. Methods and Results-From a prospective 5-year national survey, involving 820 subjects 10 to 75 years old who presented with SCD (resuscitated or not) during competitive or recreational sport activities, 43 (5.2%) such events occurred in women, principally during jogging, cycling, and swimming. The level of activity at the time of SCD was moderate to vigorous in 35 cases (81.4%). The overall incidence of sport-related SCD, among 15-to 75-year-old women, was estimated as 0.59 (95% confidence interval [CI], 0.39-0.79) to 2.17 (95% CI, 1.38-2.96) per year per million female sports participants for the 80th and 20th percentiles of reporting districts, respectively. Compared with men, the incidence of SCDs in women was dramatically lower, particularly in the 45-to 54-year range (relative risk, 0.033; 95% CI, 0.015-0.075). Despite similar circumstances of occurrence, survival at hospital admission (46.5%; 95% CI, 31.0-60.0) was significantly higher than that for men (30.0%; 95% CI, 26.8-33.2; P=0.02), although this did not reach statistical significance for hospital discharge. Favorable neurological outcomes were similar (80%). Cause of death seemed less likely to be associated with structural heart disease in women compared with men (58.3% versus 95.8%; P=0.003). Conclusions-Sports-related SCDs in women participants seems dramatically less common (up to 30-fold less frequent) compared with men. Our results also suggest a higher likelihood of successful resuscitation as well as less frequency of structural heart disease in women compared with men. (Circ Arrhythm Electrophysiol. 2013;6:1185-1191.) (P.A.). The online-only Data Supplement is available at http://circep.ahajournals.org/lookup/suppl/
T he risk of heart disease in women has likely been underestimated in the past, possibly partly because of a perception that women are protected against cardiovascular disease, particularly in young and middle age groups. Women have been and still are underrepresented in research in many important areas of cardiology, and guidelines often include recommendations that are based on research performed predominantly in men. 1 
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The medium-and long-term benefits of regular physical exercise on cardiovascular events, including sudden cardiac death (SCD), have been well demonstrated. 2, 3 However, sports activity itself has been shown to confer some risk, particularly when vigorous exertion is undertaken abruptly by untrained persons, or in the presence of serious underlying heart disease. Recently, we have demonstrated that the majority of sports-related SCDs occurred in middle-aged adults, and that only a minority of such events occurred in young competitive athletes 4 ; this latter group, however, has been the focus of the majority of publications until now. Although presports screening strategies have been adopted for many years among young competitive athletes, 5 it has been recently suggested that preparticipation screening programs might also December 2013 be worthwhile in the general population. 6 However, the evidence-base for a rational approach in the general population is lacking, although the identification of particularly high-or low-risk groups would seem to be a logical first step. In this context, although SCD (not specifically during sports) has been addressed among women, [7] [8] [9] [10] there is, to the best of our knowledge, no available specific data concerning SCD during sport activities among women in the general population.
In the present article, using a large prospective national 5-year registry of SCD occurring during competitive and recreational sports activities in the community, we assessed the extent to which sports-related SCDs in women differs from that in men, in terms of overall and age-specific characteristics and outcomes.
Methods

Setting, Survey Methods, and Collected Data
The study design and population have been described previously. 4, 11, 12 Briefly, this 5-year prospective study was performed according to Utstein guidelines, in France between April 2005 and April 2010. To the best of our knowledge, this registry is the first prospective national database offering a complete overview of SCD during sports, including cases from recreational as well as competitive sports. Overall, 60 French administrative districts participated involving a population of ≈35 million inhabitants (see Appendix 1 in the online-only Data Supplement for Participating Centers). SCD in the setting of sport activities was defined as death occurring during or within 1 hour of cessation of sports activity. 13, 14 Sports-related SCDs related to trauma (other than for cases of commotio cordis) were excluded. Subjects between 10 and 75 years old were included in the study because the context of physical activity can be difficult to assess in the very young or in those >75 years who rarely participate in sports.
We obtained close collaboration from the French system of Emergency Medical Services (EMS; in France, Service d'Aide Médicale Urgente) as well as from different intensive care units throughout the 60 participating districts. Because of the expected difficulty in case ascertainment through this community-based approach during the study period, we used 2 complementary independent methods to optimize case detection: (1) a classical approach based on prospective case reporting system from different EMS units, which systematically attended cases of cardiac arrest or sudden collapse; (2) a media search for cases, using a Web-based monitoring via a Webbased search engine (Google Reader), performed continuously by a specific working group checking on a daily basis. All press releases not reported by EMS prompted further contact with the local EMS and local hospital Intensive Care Unit teams for collection of detailed data on resuscitation provided in the field, hospital care, as well as survival status at hospital discharge.
Variables collected for each Case Report File were detailed in Appendix 2 in the online-only Data Supplement. Files were prospectively and regularly reviewed (every 6 months) by an independent events committee.
Statistical Analysis
Characteristics of the overall 10-75 year population of 820 SCDs (including 43 women) occurring during or immediately after sports were described as mean±SD, proportions, and median and interquartile ranges, as appropriate. Qualitative variables were compared using the χ 2 and Fisher exact tests, whereas quantitative variables were compared by Mann-Whitney tests. Ninety-five percentage confidence intervals (CI) for proportion were calculated, and relative risk (RR; men versus women) and their 95% CI were provided.
For estimations of incidences (defined by the number of events per million sports participants and per year), we considered only SCD cases 15 to 75 years old (N=810, including 42 women). The population considered as being at risk was the 15-to 75-year-old French population participating to sport activities (28 279 915) and was estimated from the 2000 National Survey on Sports Practices (Appendix 3 in the online-only Data Supplement). 15 In addition, for the assessment of incidences, we considered only cases during moderate or vigorous exertion (N=775 among the 15-to 75-year-old SCD cases, including 35 cases in women) because the triggering effect of exercise has been established only for moderate-and vigorous-level physical activities. 16 Comparison between subjects >35 years and those <35 years was performed. 17 Finally, because variability of incidences reported across different districts most likely reflected a variable degree of underreporting bias, we considered that the most accurate estimation was achieved by presenting range of incidence rates based on the incidence rates from the 80th and 20th percentiles of the reported incidences of sports-related SCDs across different districts in France.
All covariates that reached a significance level of P<0.15 for survival were then included in an initial multivariable regression model. Odds ratios and their 95% CI were calculated. All tests were 2-tailed, and P values <0.05 were considered to indicate statistical significance. All tests were 2-tailed, and P values <0.05 were considered to indicate statistical significance. All data were analyzed at INSERM, Unit 970, Cardiovascular Epidemiology and Sudden Death, Paris, using STATA software version v11.0 (Lakeway Drive, TX). The authors had full access to the data and take full responsibility for its integrity. All authors have read and agreed to the article as written.
Results
Incidence Considerations
Overall, among the 820 SCD cases registered during 5 years, only 43 (5.2%) were women. The overall mean incidence of sport-related SCDs in 15-to 75-year-old women was estimated as 0.59 (95% CI, 0.39-0.79) to 2.17 (95% CI, 1.38-2.96) per year per million female sports participants for the 80th and 20th percentiles of reporting districts, respectively. The female-related incidence for SCDs during sports seemed dramatically lower as compared with men, in whom the overall mean incidence was calculated from 11.24 (95% CI, 10.39-12.10) to 33.84 (95% CI, 30.87-36.81) per year per million participants. We observed no significant difference between the rate of SCDs reported by EMS among women compared with that of men (56% versus 51%; P=0.53).
Specific incidences by sex and age group are represented on the Figure. Analysis through the six 10-year age ranges demonstrated that the incidence among women did not significantly differ across age groups (P=0.68). We observed no particular lower incidence in older women (>65 year) compared with 35-to 65-year-old women, with an RR of 1.15 (95% CI, 0.39-3.36). In considering women >35 years, the RR for SCD was 1.29 (95% CI, 0.63-2.63) compared with the group <35 years. By contrast, the incidence of sports-related SCD in men significantly increased over age categories (P<0.0001), and incidence rates were substantially higher in men >35 years old than men ≤35 years (RR, 2.51; 95% CI, 2.10-3.01). In addition, a significantly lower incidence was observed among men >65 years compared with 35-to 65-year-old men with an RR of 0.61 (95% CI, 0.46-0.81). Overall, the incidence of sports-related SCDs in women was significantly lower than that in men in all age groups, particularly in the range of 45 to 54 years (RR, 0.033; 95% CI, 0.015-0.075).
Characteristics of Cases
Characteristics of the 43 women are summarized in Table 1 . The average age of SCD occurrence in women was 43.9±17 years, not statistically different from that in men. The majority of cases occurred during moderate-to-vigorous physical activity, with however, significantly more rates during light exertion in women (16.7% versus 3.2% in men; P<0.001). Among women, only 2.3% of SCD (one case) occurred in a young competitive athlete. History of heart disease and the presence of >1 cardiovascular risk factor were relatively uncommon, observed in 7.1%, including one case of coronary heart disease and one case of heart valve disease (Barlow disease), both previously identified. The majority of cases in women occurred in the setting of individual rather than team sports: jogging, cycling, and swimming accounted for >90% of situations, whereas hiking, basketball, diving, and handball accounted for the rest. Half of the SCDs in women (22 cases) occurred inside public sports facilities (such as a gymnasium, stadium, or fitness center).
Circumstances of Occurrence, Initial and Advanced Intensive Care Management
Data on management of SCDs on site, as well as mortality rates according to sex, are shown in Table 2 . In women, 90.7% of cases occurred during sport (collapse during sports activity), whereas 9.3% cases took place in the following 60 minutes. One or more witnesses were present and directly assisted during the collapse in 92.8% of cases. Cardiopulmonary resuscitation (CPR) was initiated before EMS arrival in 16 cases (37.2%). Distribution of initial rhythm at the arrival of EMS was not statistically different between women and men: pulseless electric activity was observed in 16.2% of women (versus 10.5% in men) and ventricular fibrillation or unstable ventricular tachycardia in 41.9% (versus 46.9% in men). The overall proportion of shockable cardiac rhythm after advanced CPR was 44.2% of cases compared with 61.1% in men (P=0.03). Overall, public use of automatic external defibrillators before EMS arrival was not initiated in any female subject compared with <1% in men (5 cases). The median collapse-to-call, collapse-to-CPR initiation, and collapse-to-first defibrillator shock times were 1.8 (0.4-3.8), 4.9 (1.1-8.8), 13.1 (10.4-15.7) minutes, respectively, in women, similar to the values observed in the men population.
Of the 43 women, 20 subjects were alive at hospital admission, giving a survival rate at hospital admission of 46.6% (95% CI, 31.0-60.0), significantly higher than survival rate at hospital admission observed in men (30.0%; 95% CI, 26.8-33.2; P=0.02). In multivariate analysis, sex (women versus men) was independently associated with survival at hospital admission (odds ratio, 5.0; 95% CI, 1.81-14.1; P=0.002). This better survival at hospital admission, however, did not reach statistical significance for hospital discharge survival rates, which were 24.3% (95% CI, 10.7-38.1) in women compared with 15.2% (95% CI, 12.7-17.8) in men (P=0.21; Table 2 ). The majority of women (8 out of the 10 for whom neurological assessment was reported, 80.0%) had a favorable neurological outcome (defined as a CPC [Cerebral Performance Categories-Appendix 2] scoring grade 1 or 2), similar to that observed in men (CPC 1-2 in 81.9%). The cause of SCD could be ascertained in 12 (27.9%) women (compared with 24.6% in men), of which 5 (41.7%) cases occurred in the absence of structural abnormalities (1 long QT syndrome, 1 early repolarization syndrome, 1 malignant accessory pathway, and 2 idiopathic ventricular fibrillation) compared with 4.2% in men (P=0.003). Coronary heart disease was found in 4 women (33.3%) of the documented cases in women compared with 77.5% in men (P<0.001). The 3 remaining causes were related to dilated cardiomyopathy, hypertrophic cardiomyopathy, and 1 case of acute myocarditis.
Discussion
These first data from the general population demonstrate the extent to which SCD pattern during sports activity differ according to sex. SCD seems extremely rare among women participants (compared with men), particularly in the middle age group (up to 30-fold less frequent). The underlying mechanisms behind these findings remain unclear although interesting hypotheses include possible sex differences in coronary heart disease, cardiac electrophysiology, and autonomic tone. Behavioral and psychological factors may also be playing a role. Our results also suggest a higher likelihood of successful resuscitation in women, as well as a higher proportion of cases without structural heart disease compared with men.
Many studies have found that the incidence of (nonsports associated) SCDs increases with age in both sexes. However, important differences in SCD incidence have been demonstrated according to sex, with a lower incidence among women, representing not >25% to 30% of the total of SCDs occurring each year. [18] [19] [20] By contrast, our results and other published data from specific sport activities, sports groups, and pathology series suggest a particularly low incidence of SCD in sports, in women compared with men, at 5% to 10%. 13, 14, [21] [22] [23] [24] [25] [26] Although this might partly reflect the lower participation rate of women in sports, our data derived from sports participation information (providing incidence per million of sport participants) suggest that this low incidence found of sportsrelated SCDs in women may not easily be attributed simply to lower participation rates. Consistent with this observation, the incidence of SCDs in women has been described as being transiently elevated during moderate-to-vigorous exertion but with an RR of only 2.38 (95% CI, 1.23 to 4.60), whereas being almost 20-fold higher (RR, 44.9; 95% CI, 26.7 Data are number (%), unless otherwise specified. Data were missing on presence of witness (4), monitored rhythm (12) . Percentages were calculated on the basis of the total number of known events. CI indicates confidence interval; CPR, cardiopulmonary resuscitation; and IQR, interquartile range. Data are number (%), unless otherwise specified. Data were missing on history of known heart disease (for 8 subjects), cardiovascular risk factors (for 11 subjects), and intensity of exercise (for 8 subjects). Percentages were calculated on the basis of the total number of known events. CVRF indicates cardiovascular risk factors; and IQR, interquartile range.
*Cardiovascular risk factor included known/treated diabetes mellitus, dyslipidemia, systemic hypertension, obesity, current smoker, and family history of premature coronary heart disease.
to 75.4) during vigorous activity among men enrolled in the Physicians' Health Study. 3, 16 Similar sex difference have been also reported in smaller retrospective studies in Finland and in the United States. 27, 28 The precise mechanism behind this dramatically low incidence of SCD among women during sports requires further studies, and our finding should be considered as hypothesis generating. This could include several factors: first, the total exposure time that may differ between men and women, although our calculation by million participants allowed us to exclude the issue of sport participation only. 11 Other potential disparities may involve sex differences in a vulnerable substrate (underlying structural or electric heart disorder), triggers, and autonomic modulators. The age-specific prevalence of coronary heart disease is known to be lower in young and middle-aged women, and a particularly low prevalence has been also observed among female victims of SCDs, suggesting that the primary cause of such cardiac arrest in women may be less likely to be myocardial ischemia. 7, 8, 29, 30 The precise mechanism linking coronary heart disease and SCD in women is an area of active research activity. 29 Although autopsy studies suggest that plaque rupture and acute coronary syndrome may explain only a proportion of SCD cases, 19, 31 the role of a plaque rupture-type mechanism seems particularly relevant in sports-associated acute coronary syndromes. 32 Although in men, plaque rupture and subsequent thrombus formation seem more common, in women plaque erosions (leading to distal embolization of microemboli and dysfunction of the microvascular coronary system) are more often seen, suggesting a possibly different pattern of causation of acute coronary syndromes between the sexes. 31 A potential role of circulating estrogens, known to promote vasodilatation and variations in platelet activity, is possible. 33 Vagal activation has been shown to be more common in women than in men during abrupt coronary occlusion and may have beneficial antiarrhythmic effects. 34, 35 Some common genetic variants have been shown to influence QT interval length in healthy individuals. [36] [37] [38] Moreover, in such setting of physical activity, genetic variants encoding the beta2-adrenergic receptors seem a possibly relevant pathway. 39 It is also possible that men push harder during exercise, especially in competitive sports, although data to support this speculation are lacking. We also have not measured possible psychological factors in sports performance and potential effects on the occurrence of SCDs. Nutritional factors and adherence to a low-risk healthy lifestyle, frequently different by sex, may be implicated. [40] [41] [42] Finally, the contribution of other medical conditions (comorbidities) and treatments received may also have played a role in this observed difference.
Until now, preparticipation medical evaluation has been specifically recommended only in young competitive athletes, both the American Heart Association (AHA) and the European Society of Cardiology (ESC) consensus panel recommendations agreed that some form of cardiovascular screening for young competitive athletes is justified. The identification of asymptomatic athletes who have potentially lethal cardiovascular abnormalities allows possible protection from SCDs through preclusion from competitive sports. [43] [44] [45] The extension of systematic screening for recreational sports activity may also be worthwhile. 6, 46 In this context, our data strongly suggest that we have to accept that large-scale screening in the near future should be performed differently in women versus men; the very low incidence of women could even raise the question of the efficiency of systematic screening among sporting women. Our data also suggest (in agreement with the literature) that structural heart disease is significantly less frequent among young and middle-aged women, and consequent identification by structural heart examination could be also more challenging in women. 47 From community-based studies, which aimed to specifically analyze survival factors by sex, women have relatively better survival rate compared with men. 9, 10, 48, 49 This has been observed despite a more frequent association with factors thought to confer a poor prognosis among women, principally nonshockable rhythm (with more frequent asystole and pulseless electric activity in women). 50 The usually low rate of CPR and longer time to intervention in women (related to a more frequent home setting) have been considered by some authors as a potential explanation for a more frequent nonshockable rhythm. In our study, we also observed this particularly low rate of shockable rhythm, whereas SCD setting, CPR initiation, and delay (including collapse-to-call times) were all similar between men and women, and raise the question of sex specificities in cardiac electrophysiology.
We acknowledge some limitations. First, because of the extremely low incidence of SCD cases among women, our results were based on a small number of events resulting in a lack of power for assessing certain differences in characteristics between men and women (eg, the lack of significant increase in incidence with age among women). Nevertheless, this is the largest series of sports-related SCDs yet reported in women, to the best of our knowledge. Second, it is possible that this apparently low proportion of sports-related SCDs in women represents a reporting bias. The very similar sex ratio of SCDs observed throughout all the districts in our study, however, makes this less likely. Finally, although the lower degree of participation of women in overall sport activity and the significant lower level of physical activity (compared with men) have both been integrated into our incidence calculation model, the exact time period spent in strenuous activities (exposure time) was not available. 11 In conclusion, SCD cases during sport activity is a very rare event in women, particularly in the middle age group, with a frequency up to 30-fold lower than that in men. This particularly low incidence among women remains relatively constant with increasing age. Because of the rarity of the event, our results should be considered in planning population screening in future. Finally, these data emphasize the need for more specific attention and research on aspects of cardiovascular diseases in women, particularly in the field of SCD, as well as illustrating the potential pitfalls of generalizing findings from a predominantly male population to women. 
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